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Introduction 



The expression of recombinant genes in mammalian 
cells has become a cornerstone technique of biotech- 
nolog>^ It requires a knowledge of such diverse tech* 
niques as gene expression, DMA transfer, amplification 
of DNA, and tlie processing, secretion and production of 
proteins. The successful production of antibodies (Fig. 1) 
in mammalian cells, the focus of this brief review, began 
with the application of basic knowledge of transcription 
of immunoglobulin genes to the expression of recom- 
binant antibodies in cells. New gene- transfer techniques 
and protein engineering then facilitated the production of 
a variety of recombinant antibodies. More recently, these 
antibodies have been used to elucidate the steps involved 
in antibody assembly and secretion, and to enable pro- 
duction of completely new proteins, such as hybrids be- 
tween portions of the heavy- chain constant region of Ig 
and unrelated proteins. 

As this review focuses on the expression of recombinant 
antibcxiics, other important advances in the past year or 
so in the broader field of mammalian gene expression 
are covered by annotated references and patents. 



Control of immunoglobulin gene expression 



One of the first cellular expression systems identified as 
cell -type specific was the immunoglobulin gene system. 
The expression of these genes is restricted to B lym- 
phocytes. Cis^acting enhancer sequences, located within 
the J-C iniron of the immunoglobulin heavy-chain genes 
form a major component of cell-type-specinc control 
mechanisms (Fig. 2). The trans-zcxing protein, NF-xB, 
interacts with this enhancer sequence and facilitates ex- 
pression of the immunoglobulin genes in mature plasma- 
qtomas. The mechanism involved in cell- type specificity 
is not clear because, unlike transfected immunoglob- 
ulin heavy-chain genes, their endogenous counterparts 
function in myeloma cells without the immunoglobu- 
lin heavy-chain gene enhancer. Interestingly, transfected 



immunoglobulin genes also require the heavy-chain en- 
hancer for continued expression in pre-B-celJs [!••]. 
Even though the NF-xB binding site may not be required 
for expression in pre-B -cells, other cis-acting sequences 
might be needed. Nelms et al [2 have identified a re- 
gion upstream of the NF-xB binding site, within the en- 
hancer, that is stimulated in pre-B -cells but not mature 
plasmac\i:omas. The presence of newJ^' identified 3' en- 
hancers [3',4-] could explain die apparent NF-xB inde- 
pendence of the endogenous gene but not transfected 
genes. These B-cell-specific enhancers are located 25 kb 
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fig. 1. Schematic diagram of an I^C antibody. V|_,, heavy-chain 
variable region; Ch, heavy-chain constant region; Vl, light-chain 
variable region; light-chain constant region. The hinge region 
is shown as black. Inter- and intramolecular disulfide bridges are 
shown. 
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ADCC — antibody-dependant cellular cytotoxicity; CDR— complementary-determining regions; 
DHFR — dihydrofolate reductase; EBV — Epstein-Bar r virus; hyg — hygromycin; gpt — xanlhine phosphoribosyltransrerase; 
LPV — lymphotropic virus; MTX — methotrexate; neo — neomycin; PGR— polymerase chain reaction; SV simian virus. 
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3'of the H light-chain gene locus and 10 kb 3' of the 
hea\y-chain gene locus. They contain multiple enhancer 
core regions including motifs homologous to the en- 
hancers of simian virus (SV)40, lyinphotropic vims (LPV), 
NF-xB and interferon. In experiments, the 3' enhancers 
show apparent independence of the heavy-gene chain 
enhancers. It would seem that tiie heavy-chain gene en 
hancer is more complex than once thouglit. This region 
also has promoter activity, when assayed in the absence 
of the heavy-chain gene promoter. The octamer binding 
site (see below) is important for this activity [5-]. 

The immunoglobulin promoter (Fig. 2) also contributes 
to the specificity of expression. The identification of 
a specific octamer sequence, ATGCAAAT, within this 
transcriptional control region has enabled detailed anal- 
ysis of factors involved in control of these genes. Het- 
erologous expression in B cells is greatly increased by 
the presence of this motif. Three trans-actlng proteins 
bind to this sequence, Oct-1 also luiown as OTF-1, Oct 2A 
and Oct 2B, Oct-1 is ubiquitous and is therefore iliought 
not to be responsible for tissue-specific expression, while 
Oct2A, the predominant B-cell-specific factor, and Oct2B, 
a minor factor, are responsible at least in part for the cell- 
type-specific expression of immunoglobulin genes [6-]. 
The mode of specificity provided by Oct-2 proteins is un- 
clear. The level of Oct-2 in lymphoid cells does not corre- 
spond to the level of immunoglobulin gene transcription 
in vitro in l>Tnphoid extracts, Reconstitution experiments 
show that while the Oct-2 binding proteins are required 
to enable transcription in non-lymphoid extracts, these 
proteins are not sufiTicieni; however, Oct-1 by itself can 
restore tlus activity^ [1*]. 

These octamer transcription factors also bind to a hep- 
tamer element, CTCATGA, which is located 2-22 bp up- 



stream of the octamer sequence within the heavy-chain 
promoter. It is possible that differential binding to the 
heptamer and octamer sequences occurs during differen- 
tiation of B cells. Kemler et al [8»] suggest that there is 
a cooperative interaction between heptamer and octamer 
binding. As less Oct-2 is present in pre-B-cells, such co- 
operative interaction, facilitated by multiple binding sites, 
could be advantageous in the process prior to differen- 
tiation. The presence of multiple transcription control 
sequences suggests that a complex pattern of transcrip- 
tional events is required before B-cell activ^ation can take 
place. 

Once these enhancer and promoter factors, or their 
genes, have been isolated they could become useful in 
the recombinant expression of antibodies as transfected 
genes are also under their control [6*,8*,P1 •]. 



Production of mouse-human chimeric 
antibodies 

As gene transfer into myeloma cells has progressed, it 
has become feasible to consider the development of re- 
combinant antibodies. Because most monoclonal anti- 
bodies used to date as therapeutics are of mouse ori- 
gin, tliey may be ineffectiv^e at recruiting human im- 
mune eifector functions, such as complement-dependant 
cytotoxicity and antibody-dependant ceUuiar cytotoxic- 
ity (ADCC), and may even elicit an immune response. 
For these reasons, the production of moust^-human hy- 
brid or chimeric antibodies has flourished. The.basic ap- 
proach is to replace the constant regions of a mouse 
antibod)^ v\^th a human constant region while main tain- 
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Fig. 2. Transcriptional control elements of the heavy-chain n gene. The promoter contains both a heptamer (H) and an octamer (O) 
motit for binding tran^^^^^^^ factors. The heavy-chain gene enhancer, located within the intron, contains an octamer motif as well as 
Ni-xB (NJ and KBF-A (K) binding sites and an E box (E). The enhancer located lOkb 3' of the constant region contains an E box, an NF-xB 
binding site and sequences homologous to the enhancers of lymphotropic virus (U, interferon {!), and simian virus 40 (S). 
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ing the antigen-binding sites of the mouse variable re- 
gions (Fig. 3). This experimental design requires isola- 
tion of the variable region of the desired mouse anti- 
body gene. To facilitate this endeavor Orlandi etaL \9**] 
have recently designed a set of synthetic oligonucleotide 
primers for polymerase chain reaction (PGR) amplifica- 
tion of the cDNAs of mouse immunoglobulin heavy- and 
light-chain variable domains. Through a systematic survey 
of the aligned sequences of the Vf^ and Vj< genes, con- 
served nucleotides flanking the 5' end of these genes have 
been identified. Specific restriction enzyme sites included 
within these primers simplify the process of doning these 
variable sequences. 

Typical transfection expression mouse-human fiision 
\'ectors are shown in Fig 4 [9",10»]. Immunoglobu- 
lin transcriptional control regions, such as the enhancers 
and promoter sequerices described above, are used in 
these vectors as is the immunoglobulin protein signal se- 
quence. Unique restriction sites for subcloning the de- 
sired mouse variable regions follow this signal. Genomic 
DNA is most often used for the heavy or light constant 
domains and, therefore, it is not necessary to supply 



the enhancer in the J-C intron. Electroporation is the 
method of choice for gene transfer into myeloma cells. As 
cotransfection efficiencies with this technique are poor, 
a separate selectable marker is often included on each 
heavy-chain vector and each light-chain vector. The pre- 
ferred selective markers for myeloma cells are neomycin 
(nco), xanthine phosphoribosyltransferase (gpt) and hy- 
gromycin [9*',10»,11 •,12*]. 

An alternative method of producing chimeric antibod- 
ies vvlth myeloma cells is described by the Bristol-Myers 
Company [P2 ••]. It UvSes gene targeting via homologous 
recombination in antibody-producing cells. For example, 
once a h^iDridoma line that is producing a desired anti- 
body has been identified, in vivo recombination is used 
to replace the mouse constant region ^ith a human con- 
stant region. In this example, the target sequence that 
is used to initiate the recombination results in replace- 
ment of the mouse constant region with the human se- 
quences (Fig. 5) contains the murine sequence encoding 
the fourth joining region as well as diversity and switch 
regions, the immunoglobulin heavy-chain enhancer and 
intronic sequences 5' to the switch region. The vector 




Fig, 3. Computer representation of chimeric and humanized antibodies. Variants of an anti-lyso'^zyme antibody (a-d} and humanized Fab 
(e.f) close up (a carbon trace only), (a) Mouse Fab: Vh-Ch^/ green; Vl-Cl, yeltow; lysozyme, pink, (b) Chimeric Fab: mouse V^, green; 
human ChI, blue; mouse V^, yellow; human C^, purple; lysozyme, pink, (d Human Fab: Vh-C^I, blue; V^-Cl, purple; iysozyme, pink, (d) 
Humanized Fab: Vh-Ch1, blue; mouse Vh CDRs, green; V^-C^, purple; mouse CDRs, green; (e) A view with lysozyme present. Human 
Vh-ChI' t)'ue; human Vl-C^, purple; mouse light-chain CDRs, yellow; mouse heavy-chain CDRs, green; lysozyme, pink, (f) Right side is 
a view without lysozyme and has been rotated by 90 "about the X-axis to show the CDRs. CDR, complementary-determining regions; 
Ch, heavy-chain constant region; C^, light-chain constant region; Vh, heavy-chain variable region; Vl, light-chain variable region. 
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Fig. 4, Chimeric expression vectors. Typical vectors use the immunoglobulin enhancer (E), promoter (P), and signal (S) sequence from the 
immunoglobulin genes. These vectors include unique restriction sites (R1 and R2) to facilitate the subcloning of mouse variable (V) region 
cDNAs. The mouse variable region is follov^ed by human genomic DNA encoding the constant (C) region. Diversity (D) and joining (j) 
regions are also shown along with the simian virus (SV) selective markers gpt, neo and hyg. 



also includes the human IgG constant region. Vector DNA 
i.s linearized within the target region to facilitate recom- 
bination. Transfccted ceDs are screened for human IgG 
protein. 

Though most efforts to produce recombinant antibodies 
use myeloma cells, it is also possible to produce them 
in non-lymphoid cells. Two examples were cited in re- 
cently published patents. EU Lilly [P3 '] describe chimeric 
cDNAs created by fusing the mouse variable region to the 
human constant region; these cDNAs are introduced into 
expression vectors containing tlie BK virus enhancer fol- 
lowed by the adenovirus major late promoter. An intron 
is included in these vectors 3' of the cDNAs. Traditional 
selection markers are used in conjunction with the ampli- 
liable marker dihydrofolate reductase (DHFR). As the BK 
enhancer is positively regulated by adenovirus El A pro- 
teins, cells constitutively expressing ElA, such as AV12 
(ATCC CRL 9595), show the best production of IgG pro- 
tein. Co-transfection of these cells widi vectors encoding 
both the chimeric heavy-chain and chimeric light-chain 
cDNAs results in secretion of chimeric antibodies. 

In addition to expression of IgG proteins in non-lym- 
phoid cells, Celltech [P4»»] describe experiments in 
which the more complex immunoglobulin protein, IgM, 
is produced in non-hmphoid cells. Assembly of these 
molecules in lymphoid cells is thought to require the 



presence of J-chains (Fig. 6). However, recombinant 
pol>'meric IgM antibodies form in non-lymphoid cell even 
in the absence of J-chains. Expression vectors containing 



Fig. 5. Producing chimeric antibodies using recombination. Start- 
ing with an intact mouse heavy-chain gene sequence the mouse 
constant region can be replaceid with the human constant region. 
Variable (V), diversity (D), joining (J), switch (S) and constant (Q 
region are indicated. In this example, the sequences conserved 
for homologous recombination are D, J and S. The recombina- 
tion product contains mouse sequences for V, 0, J and S regions 
with human sequences for the C region. 
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the Drosqphilia heat-shock promoter, hsp70, were tested 
in four types of non -lymphoid cells. Secretion of poly- 
meric IgM molecules ranged from 5 to 600 ng/nil, com- 
pared with 3500 ng/ml from a plasmacytoma cell line, and 
was greatest in a glioma cell line. The authors speculate 
that this is because of the secretory nature of glioma cells. 



Humanized and human antibodies 



Chimeric antibodies as described above contain the en- 
tire mouse variable regions and as such may be rec- 
ognized by the human immune system as foreign pro- 
teins. Techniques have therefore been developed to 'hu- 
manize' these chimeric antibodies further. The challenge 
is to change the amino-acid sequence from thai char- 
acteristic of the mouse to a more human form while 
maintaining the antigen-binding capacity of the mouse 
complementary-determining regions (CDR) (Fig. 3). The 
pioneering work on humanizing antibodies has been car- 
ried out by Winter and colleagues at the MRC Laboratory 
of Molecular Biologs'' in Cambridge. 

A recent example is the production of a humanized anti- 
body to the interleukin 2 receptor, anti-Tac, and the char- 
acterization of its antigen binding [13»,14»J. To attain a 
humanized antibody, sequence homology and molecu- 
lar modeling are used to select a combination of mouse 
and human seciuence elements that reduced the po- 
tential human immune response yet retain high -affinity 
binding. This approach assumes that the more homol- 
ogous the human antibody is to the original mouse an- 
tibody, the fewer distortions will occur when combin- 
ing mouse CDRs with the human framework. Therefore, 
as the Eu antibody (human heavy-chain subgroup 1) is 
57% identical to the mouse anti-Tac heavy chain vari- 
able region, its antibody framework was used and its 
CDRs were changed to those of the anti-Tac antibod>'. 
Computer graphic manipulation identified other frame- 
work residues tiiat may influence the conformation of the 
CDRs. These residues were txansfeaed to the antibody 
because they should help preserve the structure of the 
CDRs while still maintaining the human character of the 
protein. The humanized version of the anti-Tac antibody 
retains high levels of antigen binding and maintains the 
biospecificity of the murine antibody. This humaruzed an- 
tibody is functional in an ADCC assay w^ile the mouse 
anti-Tac is not; this feature of the recombinant antibody 
could be important for its therapeutic success. 

Another approach to minimizing the potential immune 
response that murine antibodies might elicit is to use 
human antibodies themselves; either mouse-human het- 
erohybridomas or immortalized human B-cell lines pro- 
vide the means of producing them but instability of an- 
tibody production is a se\'ere limitation of these sys- 
tems. Recently'-, however, two groups used such cells as 
a soiirce of DNA for human antibodies. Nakatani el al 
[15 •] cloned genomic DNA for an IgM human antibody 
to Pseiddomonas exotoxin A from an Epstein-Barr virus 
(EBV) transformed human B-cell. The human transcrip- 
tional control regions, including enhancers and pro- 



moter, directed expression of these genomic sequences 
in mouse myeloma cells, indicating a lack of species 
specificity for these sequences. GiUies et at [l6»»] used 
a mouse-human heterohybridoma as die source of mes- 
sage coding for a human antibody^ to tetanus toxoid. A 
synthetic intron was introduced between the variable and 
constant regions of this cDNA. The flision between these 
domains occurred at the level of RNA splicing within the 
transfected myeloma. Gillies etaL also describe the use of 
the DHFR gene as a selective marker for high-expressing 
cell lines when grown in metliotrexate (^^^X). Clones 
were isolated that contained up to a 100 copies of the 
vector-transferred genes, with levels ranging from 6 to 
20 ^ig of antibod>^ per ml of supernatant. 

These suidies describe an alternative wa>' of achieving 
stable cell lines that produce intact htiman antibodies; it 
could have advantages over the rlnuiagenesis approach re- 
quired by protein engineering. 



Studies on antibody assembly 

Recombinant antibody expression techniques have en- 
abled studies to be performed that investigate the intra- 
cellular interactions between the various domains of the 
antibody molecules. These studies provide information 
tlvat might be important in further improving the pro- 
duction of recombinant antibodies. Simon and Rajewsky 
[!?•*] have investigated whether the constant domains 
influence the antigen- binding sites by switching the Vh 
domain onto the Cl domain and the V^^ onto the do- 
main. Interchanging the two V domains did not interfere 
with the expression or secretion of antibodies and the 
switch of the V region to the C region of a different chain 
class did not aftect antigen binding. No detectable evi- 
dence of the C domain acting on antigen binding through 
longitudinal inter-domain contacts w^ observed. One in- 
terpretation of this work is that V-V interactions medi- 
ate chain associations. Simon and Rajewsky suggest that 
in vivo chain pairing could be initiated by V pairing if 
the light chain first binds a heavy chain while ^e heavy 
chain is still complexed with tlie chaperone protein BiP. 
Though a complete discussion of how BiP may bind im- 
munoglobulin proteins in order to facilitate their assem- 
bly is beyond the scope of this review, it is perhaps note- 
worthy that Nikaki et al [18 •) detect direct binding of 
non-secreted light chains to this chaperone protein. It 
was previously thought to bind only to the heavy chain. 

The role of the hinge region in the formation of an anti- 
body can now be investigated as this region is perturbed 
by these 'switched' mutants. Tan etaL [19*] address the 
role of the hinge region in the flexibility of the antibody 
complex. A correlation exists between the upper hinge 
length and the segmental flexibility of the chimeric anti- 
bodies studied The position of the disulfide bridge be- 
tween the heavy and liglit chains was not affected b)' ei- 
ther hinge shuffling or ChI exchange but the hinge re- 
gion affected the assembly pattern of the heavy and light 
chaias and therefore the complex that was secreted. 
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Fig. 6. Pentameric structure of IgM. The 
IgM chains are linked to form this com- 
plex structure through disulfide bonds. 
Though J chain has been indicated 
in the format of the structure, work 
described in this review indicates the 
structure can be fornned without it. 



Fonnation of the pentameric IgM complex (Fig. 6) has 
also been studied through recombinant expression. One 
fact to arise (already discussed above) is that J-chain 
genes do not appear to be required for pentameric as- 
sembly of TgM molecules. To study the assembly of these 
pentameric molecules Davis et al [20*] have made sev^- 
erai mutants replacing various cysteine residues with ser- 
ine. These mutant genes were analyzed after transfection 
into a mouse hybridoma cell line. Conclusions from this 
work include: the Cy54l4~Cy54l4 bond between sub- 
units stabilizes the pentameric molecule; this rigidity is 
necessary for activation of complement component CI. 

Chimeric proteins using infinnunoglobulin 
domains 

One approach to chimeric antibodies not yet discussed 
is the ability to use variable regions from antibodies that 
have different specificities. By including such a combina- 
tion of sequences it is possible to match bispecific anti- 
bodies [21 •,P2»»]. Alternatively, other functional do- 
mains can replace one or botft of the variable regions to 
yield new proteins witli wider funcdons. Such chimeric 
antibodies have been made using the toxin ricin or en- 
zymes such as alkaline phosphatase [Pl •,P2**]. 



Oilier examples of chimeric proteins that make use of im- 
munoglobulin heavy-chain domains include CD4-Ig and 
T-cell-receptor-Ig molecules. CD4, the cellular receptor 
for flJV-1 has been produced as a soluble molecule. 
In this form, it has a short half- life; however, chimeric 
molecules made with either IgG [22 •] or IgM [23 •] 
heavy-chain constant regions have greater stability, with 
the half-life of CD4 increasing from 0.25 h to 113 h f 22 '1 . 
Such studies provide useful information for the design 
of chimeric heavy-chain molecules, such as the produc- 
tion of the V3 and V^^ subunits of the T-cell receptor 
[24*]. Deletion of the C^l domain increases secretion 
of molecules containing the heavy constant chain and ex- 
pressed in the absence of light chain. Further, the pen- 
tameric formation of the chimeric IgM molecules results 
in molecules 1000-fold more active than IgG fusions, as 
assayed by binding of the complement receptor [23»]. 
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Burkitt lymphomas. 
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ficient for transcription of immunoglobulin genes. Mol Cell 
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Two human pre-B cell lines, containing extremely low levels of OTF- 
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ulin gene in vitro. These authors suggest that OTF-1 is sufficient for 
transcription of immunoglobulin genes. 
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• W: Octamer transcription foaors bind to two different se- 



quence motifs of the immunoglobulin heavy chain pro- 
moter. EMBO J 1989, 8:2001-2008. 
Two very different sequences present In the immunoglobulin heavy- 
chain promoter bind the same proteins, Oct 2A and Oa 2B, In addition 
to the ubiquitous protein Oct 1. Titration experiments show that there 
may be cooperative binding of the protein to these diverse elements. 

9. Oriandi R, Gussow DH, Jones PT, Winter G: Ooning 

• » immunoglobulin variable domains for e:xprcssion by the 
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86:3833-3837. 
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region cDNAs for insertion Into chinrteric antibody cxpres.si(in vectors. 

10. Kamsyana K, Imai K, rroH T, TANiGuCHi M, JVIUKJA K, Kurosawa 

• K; Convenient plasmid vectors for construction of chimeric 
mouse/human antibodies. fEBS Lett 1989, 244:301-306. 

The heavy-chain vector contains the genomic sequence for human y 
heavy-chain. Upstream of this region is a imiqiie EcoRT site for inser- 
tion of any mouse variable region. This vector also includes a SViO ^gpt 
transcription uniL The light-chain vector uses the neomycin gene as a 
selectable marker and contains a unique HindlH site for cloning the 
variable regions. 

11. HOOGEKBIOOM HR, R\us JC, VoiCHAFRT G: Cloning and cx- 

• pression of a chimeric antibody directed against the human 
transferrin receptor. / Immunol 1990, 144:3211-3217. 

Chimeric cDNA containing the murine V region and the ChI region 
were doned onto a genomic heavy chain and expressed following trans- 
fcction with a similar light chain. The chimeric antibody retains the same 
antigen spedHcity as the murine antibody. 

12. Ll YW, LOWRIE DK, THAMMA.NA P, MOORE GP, SHEARMAN 

• CW: Construction J expression arxl characterization of a 
murine/htmian chimeric antibody with specificiry for hep- 
atitis B surface antigen. Mol Immunol 1990, 27:303-311. 

Using vectors that had coastant regions from genomic DNA, a murine 
human chimeric antibody for hepatitis-B virus was made. Tiiis chimeric 
antibody may be useful In the prevention of vertical transmission of 
hepatitis-B virus. 

13. Queen C, Schneidrr WP, Seuck HE, Payne PW, Iandolf NF, 

• DtJNCAN JF, ARDVALOVIC NM, LgVrT M, JUNGHANS RP, WALDM-VN 

TA- A humanized antibody that binds to the intcrlcukin 2 
receptor. Proc Natl Acad Sci USA 1989, 86:10029-10033. 
This paper introduces concepts that could prov^e useful in tlie design 
of humanized antibodies: (l) the human framework chosen was ver\' 
homologous CO the original mouse antibody .so as to reduce any de- 
fonnation of tlie mouse CDRs; and (2) computer modeling was used 
to identify several framework amino acids in tlie mouse antibody' that 
might interact with the CDRs or directly with the antigen. These amino 
adds were transferred to the resulting antibody. 

14. JUNGHANS RP, WAmWANN TA, lANTX^lil NF, AVADOLVIC NM, 

• Schneider WP, Queen C: Anti-tac H, a humanized anribody 
to the lnterleukin-2 receptor with new features for im- 
munotherapy in malignant and Immune disorders. Cancer 
Res 1990, 50:1495-1502. 

In this humanized antibody, 10% of the protein mass remains mouse. 
These segments of mouse protein are found in 6 to 9 amino acid units. 
The humanized anribody, produced in SV40 cells after xanthine and 
hygrumycin selection, may actually be more active than the mouse an- 
tibody In recruiting effector function, as a.ssayed by ADCC. 

15. Nakatani T, Nomura n, horigome k, Oktsuka h, Noguchi 

• H: Functional expression of human monoclonal antibody 
genes directed against Pscudomonal exotoxin A in mouse 
myeloma cells. Bia^ Technology 1939, 7:805-810. 

Using an EBV- transformed humari B-cell line, a human monoclonal an- 
tibody to exotoxin A was identified and the gene cloned. The intaa 
gene, ^'hich includes the human IgM enhancer and promoter, was used 
to direct expression of this human protdn in mouse m>'eloma cells. 

16. GiuJES SD, DoRAi H, Wesolowski J, Mateaii G, Young D, 

• Boyd J, GardnTiR J, James K: Expression of human antibody 
in transfected murine myeloma cells. Bio/ Technology 1989, 
7:799-804. 
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A hetexohybridoma mouse-human cell line 'was used as the RNA source 
for cDNA cloning a human antibody to tetanus toxoid. The cDNA 
for the heav^'-chain \'ariable region was iniroduced into an expression 
vector containing a genomic sequence for the constant region. The 
light-chain cDNA was expressed intact. These vectors included the im 
munoglobulin heavy-cliain enhancer and the metaflothiondn promoter, 
and used the gpt and DHFR genes for selectioa 

17. Simon T, Rajewsky K: Antibody domain mutants demon- 
m strate autonomy of the antigen binding site. EMDO J 1990, 

9:1051-1056. 

The main finding of this study is that the binding properties of an an- 
tibody to die lupten 4-hydrox>^ 3'riltrophenyl acetyl antigen, are not 
dianged by attaching the \tr\\ domain pair to C regions of different 
chain classes. 

18. NAKAfa T, Deans R, Lee Am^': Enhanced transcription' of the 

• 6,000 dalton glucose -regulated protein (GRP78) gene and 
association of GRP78 with immunoglobulin light chains in 
a non-sccrcting B-ccU myeloma line (NS-1). Mol Cell Biol 
19S9, 9:2233-2238. 

Enhanced transcription of GRP78 or BiP is found in a myeloma cell line 
that produces but does not secrete light chains in the absence of heavy 
chain, A specific associaiion between the light-chain molecules and BiP 
is discussed. 

19. Tan IX, Shopes HJ, Oi VT, Morrison SL Influences of the 

• hinge region on complement acthrator Clq binding, and 
segmental flexibility in chimeric human immunoglobulins. 
Proc Nail AiMd Set USA 1990, 87: 162-1 66. 

This work engineers chimeric antibodies with different hinge region 
amino acids to study the role of the hinge region in determining the 
flexibility of the Fab segment, Conclusions include: (1) segmental mo- 
tion correlates with the upper hinge length; (2) hinge length a segmen- 
tal flexibility i.s not enough to alter com piemen i binding :ind activation; 
and (3) segmenial flexibility df)es not correlate with proficiency to ac- 
tix-aie die complement cascade. 

20. Davis AC, Roux KH, Pursey J, Shulviar MJ: Intermolecu- 

• lar disulfide bonding in TgM: effects of replacing c^'Steine 
residues in the n hea\T chain. EMBO J 1989,. 8:2519-2526. 

Site-directed mutagenesis and recombinant antibody expression is used 
to address the role of disulfide bond formation in the assembly of IgM 
molecules. The Cys 4l4-Cys 41 4 bond is identified as playing an im- 
portant role in the fonnation of this hexameric complex. 

2T SONGsrviiAi S, CussoLD PM, Lachman PJ: A novel strategy for 
» producing chimeric bispecific antibodies by gene transfcc- 

tion. Biochem Biophys Res Commun 1989, 164:271-276. 
Variable regions of a mouse antibody were cloned in vectors containing 
human constant genomic DNA The subsequent bispecific antibody rec- 
ognizes hepatitis surface antigen and 5-ioclo-4-hydroxy-3-nitrophenyl. 

22, Capon DJ, Chamou SM, Mordenti J. Marsteks SA, Gregory 

• T, MrrsiiYA Ryrn RA, Lucas C, Wurm FM, Groopmen JE, 
Rhoorr S, Smtth DH: Designing CD4 immunoadhcsions for 
AIDS therapy. Nature 1959, 337:525-531. 

Soluble CE)4 is made as a fusion protein with the IgG heavy-chain con- 
stant region. The half- life of the CD4— immunoglobulin fusion protein 
is increased several hundred fold over die non-fusion soluble form of 
CD4. 

23- Traunecker a Schneider J, Kiefer H, Karjalainen K: Highly 

• efficient neutralization of HTV with recombinant CD4 -im- 
munoglobulin molecules. Nature 1989, 339:6&-70. 



A form of soluble CD4 is made as a fusion of the first two N- terminal 
domains of CD4 to the mouse y constant region or in heavy- chain (X)n- 
stani regions. Deletion of Cfjl domain of the constant region leads to 
more efficient secretion of the chimeric molecules, 

24. Mariuzza RA, Wr>nTR G: Secretion of homodimcric Ck T 
• cell rcccptor-immunoglobulin chimeric protein. / Bid Chem 

1989, 264:7310-7316. 
Tliis report discusses the use of protein engineering techniques to con- 
struct a chimeric T-cell receptor immunoglobulin gene enctxling a se- 
creted soluble form of the \'ariable domain of a human T-cell receptor 
a chain. These experiments fuse the T-cell receptor specific for diph- 
theria toxoid to a human y. light-chain constant region. 



Annotated patents 



• of interest 

Of outstanding interest 

PI Massachusetts Institute of Technoijogy ano Whttf.head 

• Lnstttute for BiOMEDiCAi RESEARCH: Ncw Constitutive and 
tissue-specific protein factors which bind to transcriptional 
regulating elements of IGG genes. 12,/2/88 88US1 55207. 
24/8/89 W089 07614 A 

hour transacting proteins NF-Al, NF-AZ, E factors and NF-xB were 
identified and isolated by an improved a.s5ay for protein-DNA binding. 
These proteins, which are constitutive and ti.ssue-specific factors should 
enable cloning of a gene that can be used to regulate immunoglobulin 
transcripdon. 

P2 Bristol Meyers Compam*; Production of chimeric antibodies 

• by homologous recombination using a target vector com- 
prising a replacement and a homologous target sequence. 
27/10/87 87US-1 13800. 10/5/89 EP-315062 A. 

Chimeric antibodies are produced by transfecting human IgGl constant 
regions into antibod>'-producing lines. Through homologous recombi- 
nation, the endogenous murine constant regions are replaced with the 
human sequence. The frequency of integration events that resulted in 
human IgC production was 

P3 Eu UaY & Co: Novel recombinant and chimeric antibodies 
« directed against a human adenocarcinoma antigen. 21/4/88. 

25/10/88 US 181522. 
The expression vectors described here use the BK enhancer with the 
adenovirus late promoter to direct transcription of the chimeric anti- 
body cDKA An incron is included 3' of the cDNA, No n -myeloma cells 
are used for expres.sion of the antibodies. 

P4 Cell Tech Ungted: Recombinant antibodies and methods 

• for their production. 9/3/89 WO 89/01975- 

This invention describes mammalian cell expression of recombinant, 
including chimeric or humanized, IgM-type antibodies in non-lymphoid- 
type cells. The IgM complex is fonned even in the absence of the J chain 
wliich is endogenous in lymphoid cells but absent in other cell t>'pe<;. 
A preferred use of this system is the expression of an IgM antibody in 
glioma cells; this expression of antibodies in glioma cells could enable 
recombinant cellular transplantation into the brain. 
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As the foregoing review focuses on the expression of re- 
combinant antibodies, other interesting developments in 
mammalian gene expression are covered by the follow- 
ing annotated papers and patents. 



Annotated references and recommended ■ 
reading 

• Of interest 

» • Of ouLstanding i nte rest 



Amplification and selection 

ANDERSON KP, Ue YS, LOW ML, WlUIAMS SR. FeNME EH, 

• NGUYEN TP, WURM FM: Prcscncc and transcription of in- 
tracistemal A-paiticlc-rclatcd sequences in CHO ccUs. / Vi- 
roi 1990. 64:2021-2031. 

Chinese hanisier ox-aiy cell (CHO) sequences related to intracistemal 
A particles (lAP) genes of mice and Syrian hamster. Clones homolo- 
gous to Syrian hamster lAP have been Isolated and used to evaluate the 
abundance and expression pattern of the retrovirus-like sequences in 
CHO. These lAP- related sequences appear as a motlerately repetitive 
family with about 300 copies per genome. Two families of repetitive 
sequences have been identified. 

Germann UA, Chin KV, Pa-stan I, GcrrrESMAN MM: Retrovi- 
« ral transfer of a chimeric multidrug resistance — adenosine 

deaminase gene. FASEB J 1989, 4:1501-1507. 
A fusion protein containing sequences from two selectable marker cD- 
NAs, multidrug resistance (MDR) and adenosine deaminase (ADA), es- 
tablishes both phenotypes simultaneously. /// vitm, and in vivo stud- 
ies using retroviral transfer followed by colchine selection produce the 
MDR-ADA fusion. This protein is stably expressed and exhibits bifunc- 
tional bioiogjcal activity. 

Germ.\nn UA, GOTTESMAN MM, PasTan I: Expression of a mul- 

• tidrug resistance adenosine deaminase. J Biol Chem 1969^ 
264:7418-7424. 

A novel fusion gene has been created in which the expression of a 
dominant selectable marker is directly linked to the expression of a sec- 
orxl marker cDNA. A membrane-associated human P-^coprotein-ADA 
fusion protein Is synthesized which retains function of the multidrug 
transporter and exhibits ADA activity, 

KOHN DB, MnSUYA H, BALLOW M, SELEGUE JE, BARAN KIEWEIZ 

J, Cohen a, Gelford H, Anderson Wf , Blaese RM: Estab- 
lishment and characterization of adenosine deaminase de- 
ficient human T cell lines. / Immunol 1989, 142:3971-3977. 
This report describes the establishment and characterization of T-cell 
lines from a patient with ADA-deficient severe combined immunodefi- 
ciency (SCID) by the use of the human- transforming retrovirus HTLV-1. 
Tnese cells may be valtiable for examining the role of ADA in normal 
metabolism and for establishing cell lines that can be complemented 
by expression of the ADA gene. 

MIELE M, BONATTI S, MENICHINI P, OTTAGOIO L, ABBONDA.VDOU0 

• A: The presence of amplified regions aflFects the stability 
of chmmofiomcs in drug- resistant Chinese hamster cells. 
Mutation Res 1989, 219:171-178. 

Chinese hamster cells were subjected to amplification regiments for 
either carbamyl phosphate synthetase aspartate transcarbomyiase di- 
hydrooratase (CAD) or DHFR. In both cases, amplified DN'A was ob- 
served in micronuclei, and displaced chromosomes were observed at 
various times during mitosis. Chromosomes bearing an amplified re- 



gion tended to be excluded from cells, and rearrangements were more 
frequent than in normal chromosomes. 

pAUAviciNi MG, De Teresa O, rosette c, Gray JW. Wurm 

• FM; Effects of methotrexate on transfected DNA stability 
in mammalian cells. Mol Cell Biol 1990, 10:401-404. 

Fluorescence in situ hybridization is used to characterize the pattern 
of integration of DNA followed DHFR amplification. Most of the cells 
containing higlily amplified amounts of transfected DNA were stable 
and lost these tran.sfected sequences when MTX was removed. 

Saito I, Groves R, Guiujrro E, Rolfe M, Stark GR: Evolution 

• and stability of chromosomal DNA coampllficd with the 
CAD gene. Mol Cell Biol 1989, 9:24^5-2452. 

During amplification of the CAD gene in Syrian hamster cells both pri- 
mary and secondary amplification events are seen to be unstable in the 
absence of selection. 

Srimatkandada S, Schivftter RT, Moroson BA, Diibf S, 

• Bertino JR: Amplification of a polymorphic dihydrofolaie 
reduction gene expressing an enzyme with decreased bind- 
ing to methotrexate in the human colon carcinoma cell 
line. HCT-8R4, resistant to this drug. J Biol Chem 1989, 
264:3524-3528. 

A MTX-resLstant human colon cell line was found to ha\e both amplified 
and mutated DHFR. 

Stark GR, Debatisse M, Guilotto E, Wahl GM: Recent 

• progress in understanding mechanisms of mammalian DNA 
amplificatioa Cell 1989, 57:901-908. 

A good disaission of the current ideas behind the mechanisms of DiVA 
amplification. 

Stockingcr H, Kuddris M: CcU cycle-dependent DHFR and 

• tPA production in cotransfcctcd MTX-amplificd CHO cells 
revealed by dual- loser flow cytometry. Exp Cell Res 1990, 
188:267-271. 

Shows that CHO cells amplified for both DHFR and tissue plasminogen 
activator (cPA) exhibit difFereni cell -cycle- correlated accumulation and 
.secretion of tPA and production of DHFR. Therefore, the highest flu- 
orescent NfTX -positive ceUs do not necessarily display the highest tPA 
secretion rate. 

Theiander M, The lander L: Molecular cloning and cxprcs- 

• sion of the funcdonal gene cncixling the M2 subunit of 
mouse ribonucleotide reductase: a new dominant marker 
gene. EMBO J 1989, 8:2475-2479- 

Transfection of mouse cells with the M2 subunit of the ribonucleotide 
reductase gene results in stable transfoimants with a 10-fold reduction 
in sensitivity to hydroxyurea. 

Trask B, Hamun JL Early dihydrofolatc reductase gene ara- 

• plification events in CHO cells usually occur on the same 
chromosome arm as the original locus. Genes Dev 1989, 
3:1915-1925. 

Fluorescence in situ hybridization is losed to examine the early stages 
of DHFR D-NA amplification. Amplified DHFR sequences were found to 
occur most often on the same chromosome arm as the parental DHFR 
gene, but at a considerable distance ffiom it. The.se results support either 
sister chromatid exchange between widely separated sites or a form of 
conservative intrachromosomal duplication as the mechanism for am- 
plification. 



Techniques 

Belt PBGM, Groei^teveld H, Tenbel WJ, van de Patte, 
» Backendorf C: Construction and properties of an Epstein- 

Barr virus derived cDNA expression vector for human cells. 

Gene 1989, 84:407^17. 
The presence of EBV .sequences, ori P and EBKA-1 resulted in five- to- 
tenfold increase in transfection efficiency when compared with non-^i- 
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soma] vectors. Transfections perfonneci with a mixture of EBV vectors 
iransfectants are seen to contain more than one plasmid type. 

Beru N, McDonald J, Goidwassfr F.: Activation of the cry- 

• thropoictin gene due to the proximity of an expressed 
gene. DNA 1989, 8:253-259- 

In (he cell line rW32 an erythropoietin gene is traascribed from an up- 
stream unclassified promoter from a read-through transcript. This up- 
stream region shows the characteristic DNase sensitivity seen with ac- 
tively transcribed chromatin. 

CLEME/vn- JM, JEHANW M, J lOFMJNO iM: p-galactosidase over 

• expression in SV40 transformed Chinese hamster fibrob- 
lasts exposed to mutagens as a result nf amplification of 
transfcctcd bacterial lac Z DNA sequences. Mutation Res 
1989, 218:179-188. 

Cell lines were designed in which genotoxic agents induce the synthesis 
of ^ gulaciosldiise through increased copy number of DNA segments 
containing the 5^40 origin and the stmctural gene for p-galactosidase. 

Gouu>Ffx>FRrrE S, Mazurkilwicz JE, Kasha K, Voedkkkding 

• K, l£HMA.\ JM, Mannino RS: Chimerasome-mediated gene 
transfer in vitro and in viva Gene 1989. 84:429-438. 

DNA encapsulated in chimeric proteoliposome gcnc-transfcr vesicles, 
or chimerasomes, can greatly increase transfection eiTiciency over that 
seen with calcium phosphate precipitation. 

IKEHATA H, Kamura H, Kato T: Shuttle vector system for the 

• anal>'sls of mutational events in mammalian chromosomal 
DNA. MtOalion Res 1989. 210:237-247. 

This study intnxiuccs the hprt gene in a retrnviral vector (pZipneoSVXl) 
into the chromo.some of a hprt -deficient cell line. Tlie integrated DNA is 
rescued for mutationEil analysis of hpn following fusion with COS cells. 

ISHLKA M, OHASH] H. USIIIDA TB, Oyj£>\ V: Phage particle- 

• mediated gene transfer of recombinant cos m ids to cultured 
mammalian cells. Gene 1989, 82:281-289. 

Purified packaged cosmids were introduced into ceils by the phage 
transfer method. The packaged cosmids were transferred to Lik cells 
as efficiently as recombinant phages. 

Jalanko a, KAI.1.IO A, SALWiNEa M, Ulmanen I: Efficient syn- 
» thesis of influen2a virus hemagglutinin in mammalian cells 
with an extra chromosomal Epstein-Barx vector. Gene 19S9, 
78:287-296. 

An EBV based episomal vector using the human cytomKgalovinis en- 
hancer and the 5\'40 promoter to direct expression of hemagglutinin was 
tested in human and monkey cells. A fluorescent activated cell sorter 
(FAGS) was used to select clones expressing the recombinant protein 
on the cell surface. High levels of expression were achieved. 

KEA'nNG A, Horspau. W, HawUiY RG, Toneguzzo F: Effect 

• of different promoters on expression of genes introduced 
into hematopoietic and marrow stromal cells by electro- 
poration. Exp Hcmatol 1990, 18:9y 102. 

The murine cytomegalovirus pronwter is shown to be highly acuve in 
hematopoietic progenitor cells. These stably transfec:ted stroma) cells 
may be an attractive viehicle for human gene ihempy. 

Ko M5H, TaK/\hasi^ N, SUCl/YAMI N, Takano T: An auto-in- 

• ducible vector conferring glucocorticoid inducibility upon 
stable transforraant cells. Gene 19H9, 84:385-389. 

Mouse Ltk-cetls wnere transfected with the glucocorticoid receptor un- 
der control of the glucocorticoid-inducible enhancer/promoter of the 
mouse mammary tumor virus. The receptor was induced by dexam 
ethosome. This led to a greater than 100-fold increase in exprcs.sion of 
a reponer gene under control of the moase mammar>' mmor virus. 

Ko MSH, Takano T: A highly inducible system of gene ex- 

• prcssion by posith^e feedback production of glucocorticoid 
receptors. DNA 1989, 8: 1 27-133. 

This expression .sy-stem increases the concentration of the glucocorti 
coid receptor via a positive feedback response using the hormone-in- 
ducible signals to control transcription of the receptor gene. Coexpres- 
sion of this plasmid can augment the inducible expression level of ordi- 
nary glucocorticoid -inducible genes without affecting basal expression 
le\'els. 



MARSCJtALL M, Marz M, LESER U, SCHWARNMA.NN F, 0(C5R B, 

• Wou H: Hepatitis B virus surface antigen as a reporter of 
promoter activity. Gem 1989, 81:109-117. 

The secreted protein hqjatitis-B surface antigen Is evaluated as a trans- 
ient assay marker, it has the advantage of being detectable by readily 
av'ailable diagnostic assay kits. Because the protein is secreted, rfie assay 
leav'es the cell intact for further analj'sis. 

paludon k, Dijch Jorgenson Kjeuxsaard NO, Peder.son 

• FS; Graduated resistance to G4l8 leads to differential se- 
lection of cultured mammalian cells expressing the new 
gene. Gene 1989, 85:421-426. 

Comparison of veaor-positive populations, before and after selection, 
showed different expression I^eLs and copy number distribution for 
populations infected with a vector with 1(Tw long terminal repeat aciivit)'. 

PEDEN KWC. Charles C, Sanders L, Tennekom GI: Isolation 

• of rat Schwann cell lines: use of SV40 T antigen gene 
regulated by synthetic metallothionein promoters. Exp Cell 
Res i989, 185:60-72. 

Promoter elements fn>m the mouse metallothionein promoter were 
ased to express SV40 T antigen in rat Schwann cells. Clones were ob- 
tained that were immortalized, yet retained the characteristics of untran- 
fected Schwann cells. 

ROGFRS P, FisHHR R, GuYDES J; Ncutral selection of trans- 

• fee ted mammalian cells using tissue plasminogen activator 
gene expression. Gene 1989, 81:151-158. 

Expression of tPA is used as a selection sy^stcm. The detection assay for 
expression, caseinoh'sis, leaves the cells intact and single cell transfec- 
tants are easily identified. 

Yout-Liji T, Mikawa II; Co-transfer of restriction endonucle- 

• ases.and plasmid DXA into mammalian cells by elcctropo- 
ration: effects on stable transformation. Mutation Res 1990, 
243:121-126. 

The cloned heqpes simplex vims thymidine kinase gene was introduced 
into Ltk- mouse cell.s with restriction endonucleascs. A stimulation in 
transformation effiriency was observed for variou.s forms of exogenous 
DNA The presence of DNA double-stranded breaks, induced by the 
cotran.sfected enz>*mes, stimulates the integration of exogenous DNA 
into host cell. 



Glycosyiation studies 

HAMAGUCHI M, 'i*AKAilASJ 1, TAKEHARS T, TaKAMATSU J, S.MTO H: 

• Comparison of recombinant tissue- type plasminogen acti- 
vator (aPA) expressed in mouse C127 cells and human 
vascular plasminogen activator (H\'-PA). Biochem Biopfyys 
Acta 1989, 1009:143-150. 

The composition and activity of recbmbinanr iPA produced in mouse 
C127 cells is compared ^vith tPA of human origin. 

KOMG R, ASHVtXLL G; Hanmer J: Ovcr expression and biosyn- 

• thesis of 004 in Chinese hamster ovary cells: coampUfica- 
tion using the multiple drug resistance gene. Proc Natl 
Acad Set USA 1989, 86:9188-9192. 

The MDR] .selectable marker is used to intKxJuce the CD4 gene into 
both wTld-type and gI>msylation-deftcicnt mutant CHO cells. The sen- 
sitivity of CD4 to glycosidases suggested the presence of bi-antennary 
unsial>1ated complex- type oligasaccha rides. 

Parkkh RB, 1>KEK RA RiJDD PM, Thomas JR, Rade.macher 
. TW', Warren T, Wun RC, HtKBEKX B, Reitz B, Palmer M, 
Ramahbadran T, TlEMElER DC: N-glycosylation and in vitro, 
enzymatic activity of human recombinant tissue plasmino- 
gen activator expressed in Chinese hamster ovar>' cells and 
a murine ceil line. Biochemistry \ 989, 28:7670-7679. 
iPA is expressed in either CHO cells iising DHFR selection or in mouse 
CI 27 cells using a bo\'ijie papilloma vector and die neomycin resistance 
gene. The results support the idea that N-glycosylation is ceil- type spe- 
cific. 

TaKEUCHI M, INOUE N, STRICKUND G'l\t', KOBATA M, WaDE 

• M, SHIMiZU R, HOSHl S, KOZlfTStiMl H, TaKASAKI S, KOBATA A 

Relationship between sugar chain structure and biological 
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activity of recombinant human erythropoietin produced in 

S^-TfS"" """^ ""^ ^"^ Sci USA 1989. 

Examination of different preparatiors of fecombinant human EPO v>ro- 

rid "° ""'^ °f «'"-i»<ennao' to bi-antennaty oBgosaccha 

. I^f^ " J^'"^ ^' O"^"™ Kecombinan, 

The cDNA coding for the human eiythropoietin «ene was exnre^.;«l 
under contn.1 of ,l.e SV40 promoteTS uThumrB-^plX^l^ 
cells. Analysis of carbohydrates showed the oHgosacchSwe 
of «^ombu^t en^ropoietin to be sin^ to &urir2y~ 

iinf^* "^-^ '^'^rr E gene in Chine« hamstS 

ceUs wth a reversible defect in O-glycosylation. Glycosyia- 

^:9%7^H^"^'^ ^'"^ ^ 1989. 

The effects of O-glycosyiation in the synthesis and secreUon of Ai>. F 

i",?. r f^' ~ ^'^^ N-acT^xiX' 

L»u suggest the addition nf galacu)sc to the nascent oligosaccharide 
diains IS requited for the addition of sialic acid. °''S"s*^«'''nde 



General expression 

Cuims Bivi, Gaius B, Overkix KW. McMahon CJ de Rcjos p 

* f^otor cn^:r -^--^ 

I receptor cDNA expressed in Chinese hamster ovary cells 
regulates functional respoases to interleukin 1. Proc Natl 
vltflrf Sci USA 1989. 86:3045-3049 
A CDNA encoding a receptor that binds interleukin 1 j and B iii murine 
T cells >s stably established in wild-type CHO cells usinTdie nJo^n 
resistance marker. Results presented show that the iifjrteu^^:^ 
encodes the entire Junctional recepu.r and that tl.e cytopUs^^^om;!^ 
IS rc<iu»ed for signal tnmsducUon but not Ogand bindinlr 

PHASER CM, ARAKAWA S, MCCOMniK WR, Vb.VlER JC UoninE 

sequence analysis and permanent expression of human^ 

'l^i!^"^^" '■«"P'°' ^ <^»>inese hamster ovary cells / Bill 
Chem 1989, 264:11754-11761 

h^m?^"ir''°^^ ^"™" =2 'rfre"^rgi'^ receptor was Isolated fmm a 
human genomic l>pe DMA Ubmry and expressed in wUd-tvpe CHO^ells 
S "r'^y^-*" ^'^^ble marker. Data present su^st tto.ihe 
human a2.adrenergic receptor in CHO cells n^^simultan^tsV rouLle 
to ireire than one effector. ^ coupie 

. clS" ^ Expres.sion 
.1^^" receptor for human granmoc)te.macrophaf.e 
colony stimulating fecior. EWO / 1989, 8 3667-3676 

Ubnuy from human placental mRNA expreised in COS cells. 

JOHNSON EF. WAiiCER DL, GRIFFIN KJ: Cloning and expres- 
. sion of three rabbit Iddney cDNAs encoding laur^^d 

hydroxylases. Biochemistry 1990 29-873-879 
fr!^i,T^'* ^I"^ cytochrome P.450 enzymes werx; cloned from 
Re?!^^ ndt^f CDNA Hb.^ and .nmsientl)' expressed in COS cX 

U^ooinTrv i Expression of biologically active fol- 

^we^^'ii^^ft' " f""" cells ttaa.- 

d"a reTu ^L^""?" ''1°"- Cowtnsfection ^th the a subunit 
L>.>fl results ui rapid secretion of dimer. 

l£IBROCK J, torrSPEKM F, HAH.V A, HOFER M, HeNCERFR B 
. MASUKO^SH P. -njOFMEN H, BaRDE Molecular cloLfg 



?989"S^,52'''^'*'^"' "cutrophouc factor. Nature 

*e 'f^1^"cDVAT''' ^ ^'""^ amplification and 

me luu length cDNA transicndy expiessed in Cos cells. 

lOWE DG, tilimS W. BOMBARA M. iVIcCABE S RANGES GF 

^y„^ » - ""^ ^'^ heterologous expression of hu- 
n,ff» . ?^ d^erentiation-stimuladng factor. Dmm9. «:351-359 
merentiauon factor ftom moase asdte cells ^..s purified and^e^e 

'^'i ^expressed in COS cefe In temis of both sequenced 
S.*fa^™"" ^ *own «, be Identical^o leutS^ 

MADBEN 1, FaRRAND Al, LE0UB1.N MN. MARZOVWKI J, KNOX IB 

. WE«B NR, UM J PUNCHIO AF: Expression and characteri^: 
.ion of recombinam TGFB2 proteins produced in mam- 
maUan cells, om 1989, 8 205-712 
frav^^. transfected with a fusion of wmsfbmiing grt«v,h factor 
(TG1-)B1 ammo-terminus and TGFB2 a carboxvtemiinus^Ks boA 
precursor and mature fomis of the protdn. Processingl^ ^* 

Nakamura T, nbhkaw'a T, Hagiya M. sew t, Shimonbhi m 
. SUCLVHIRA A, TASHiRO K. SHMZA S: Molecular cloning ^d«-' 
TOW htman hepatt^e growth factor. yVaft.,,; 1989, 

Tl>e repon details the amino add sequence for hepatocyte growUi foe- 

hu^n"!, '"""^ '^'^ ^P«=»'°" ofbiofoBic^;^. 

uve^human hepatocyte gmwth factor from tnm.,iently ttansfe^ted 

OEUZE H Van Ficmb It Cloning and expression of human 

Th nv.; r""u '"^^ -/ «^ Cfem 1989. 264:13865-1387' 
Ihc cD.SA for h'jman steroid sulfaiase was expressed in ros',.nH 
baby hamster kidn^ cells. Th. transport of p"^^ foUo,.:^ 
rhiough ceUular organelles in the hamster cells. 



Annotated patents 



Of interest 

Of outstanding interest 



Amplification and selection 

BrocEN INC.: Improved electroporatlon method for .stable 
• Sul?852"2lSs3r ^' 

The invenUon descnljcs the u.,e of elecuoporatlon to introduce pbisnud 

selectable marker, the gene ,;f intere.st and an amplifiable marker. 

CODON CORPORATION: Gcnc amplification in eukarvotic host 
ceUs usmg expression vector comprising wild-tyj^e ampllfi. 
« pi>^f,ow "™""'»' 8^"^- 30/"/87 87US-126436. 7/6/89 
D^n^ amplification uang non-mutant host cells. Two schemes ate 
oMr^-^V^ '"^'"^ '^'^ '° ^"""^ followed bv an^ 
host calls' of amplification in'^ld- 

ConoN CORWM-noN: Supcrtransformanis for high exores- 
• sion rates in eukaiyotic cells. 10/1/89. WO 89/10959 
Th« mveniion describes a protocol for transfecting a eukaryotic ceU 

transfection with the gene of interest and a second .selectable marker 
It emibles the copy number of the gene of interest lo be in^ 
without requiring amplification, "■'-rasea 
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CEaxECH liMm-D: Recombinant DNA methods^ vectors and 

host cells. 25/10/89 1804. GB89809129. 
Tramftjmiation of a lymphoid cell line to glutamine independence is 
described usiiig Uie gluuniine synthease gene. This method allows the 
cultuilng of resultant clones in the absence of exogenous glutamine. 
Increasing amounts of metheonine sulphoxemine can be used to select 
for cells that have amplified the glutamine synthease gene. 



Techniques 

COMMONWEALTH SCENTinc ORGANIZATION: Gcnc expression 

• system especially for rotavirus VP7 protein usii^ a foreign 
signal peptide and optionally a transmembrane anchor se- 
quence. 5/2/88 SaAU-0O66l2. 10/8/^89 WO8907140 A._ 

Describes the expression and export of proteins and membrane an- 
choring of proteins; these are normally intraceUular, This patent specifi- 
cally addresses the ptxxluction of 'a membrane- bound fomi of retrovirus 
VP7 protein for use as a vaccine. 

EU Ully & Co.: Vectors and compounds for direct expres- 

• sion of activated human protein C 7/6/89 US 129027. 



The method described involves transformation and culture of mam- 
malian cells in order to produce protein C. In this method the actK-atlon 
peptide is replaced with a cleavage sequence for a cell-as.soclated pro- 
tease. 

Vanderhilt UNlVERsnr: Functional mutated EIA gcnc of hu- 
• man adenovirus used to express EIA products that stim- 
ulate promoters controlling the EL\. 4/1/88 88US- 140625. 
l.=5/7/89 WO8906282 A. 
Mutated EIA genes of human adenovirus subgroup Bl that do not re 
press enhancers ^-ere Isolated. The auto- repression domain is between 
nucleotides 956 and 1024. These mutants should facilitate promoter ac- 
tivity without enhancer repression. 



Transfectant cell lines which 
rhinovirus receptor. 14/6/89 



MOLECULAR Therapeutics Inc. 
• express the major human 

8/1^87 US 130378. 
HeLa cell DNA is used as tlie source of the expression Hbary. Primary 
transfectants wTsre screened by FAGS using a fluorescence-based virus- 
binding assay. Secondary transfectants were made in order to select fi^r 
high expression cell lines. 
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